Pederine, a natural product extracted from beetles, induces cell fusion among human skin fibroblasts grown in tissue culture. Heterokaryons are produced when pederine is added to mixtures of human diploid fibroblasts and HeLa cells. The efficiency of cell fusion exceeds that achieved with other available agents. The technique is simple and the results are reproducible. Cells exposed to pederine under conditions that cause fusion retain their growth potential, which indicates that the treatment does not damage the cells. The technique should prove useful in research into mechanisms of membrane fusion, as well as research in which cell fusion is used as an investigative tool.
I n t r o d u c t i o n
The experimental induction o f c e l l Yusion among c e l l s grown i n t i s s u e c u l t u r e has f a c i l i t a t e d studies o f the mechanism o f membrane f u s i o n as well as research i n t o o t h e r f i e l d s i n which c e l l fusion i s used as an i n v e s t i g a t i v e t o o l (4, 10, 19.22) .
Unfortunately, the a v a i l a b l e techniques are cumbersome and t h e r e s u l t s a r e e r r a t i c . Pederine induced c e l l fusion C r y s t a l l i n e pederine was dissolved i n s t e r i l e , d i s t i l l e d water and the pH adjusted t o 7.0 w i t h sodium bicarbonate. The s o l u t i o n was passed through a m i l l ipore f i l t e r and stared a t -70°c u n t i l ready f o r use.
Human d i p l o i d s k i n f i b r o b l a s t s o r equal mixtures o f f i b r o b l a s t s and
HeLa c e l l s were g r o m t o a confluent w n o l a y e r i n Waymouth's medium supplemented w i t h 15% f e t a l c a l f serum and a n t i b i o t i c s ( p e n i c i l l i n 50 u n i t s , streptomycin 50 wg, kanamycin 30 vg/ml) (3).
The medium was decanted and f r e s h medium containing pederine, 1 nanogram/ml, was added. The c e l l s were incubated f o r 18 t o 24 hrs. The medium was decanted, the c e l l s washed w i t h Puck's S a l i n e A s o l u t i o n , and a suspension formed by b r i e f exposure t o 0.04% t r y p s i n and 0.02% EDTA (versene) i n Puck's s a l i n e A s o l u t i o n (3).
The c e l l s were d i l u t e d 1:iO i n f r e s h medium and transferred t o Leighton tubes containing coverslips, where they were perm i t t e d t o a t t a c h t o the glass.
The coverslips were removed, washed i n Hanks' buffered s a l t s o l u t i o n , f i x e d i n methyl alcohol and stained w i t h Giemsa. The c e l l s were examined f o r c y t o t o x i c e f f e c t s and the extent of c e l l fusion was determined.
Two hundred nuclei were counted and f u s i o n was scored as the percent o f nuclei w i t h i n muitinucleated c e l l s .
The scoring method indicates the percent o f the o r i g i n a l c e l l population t h a t have fused.
Pederine was prepared from beetles as previously described ( I ) .
Waymouth's medium, f e t a l c a l f serum and t r y p s i n (1 :ZOO) were obtained comnercially (30) Sendai v i r u s induced c e l l f u s i o n Sendai v i r u s was c u l t i v a t e d i n the a l l a n t o i c c a v i t y of nine day o l d embryonated chicken eggs. The v i r u s was harvested by removing the a l l a n t o i c f l u i d on the f i f t h day o f incubation.
I t was then centrifuged a t 2000 g and the supernatant decanted i n t o tubes f o r u l t r a c e n t r i f u g a t i o n a t 16,000g.
The p e l l e t was resuspended i n phosphate buffered s a l i n e and I % balanced s a l t s o l u t i o n and c e n t r i i u g e d again.
The supernatants were pooled and the l i v e v i r u s was ina c t i v a t e d w i t h B-proplolactone (17).
Fusion studies followed the method o f Velasquez e t a1 (29).
Skin f i b r o b l a s t s were suspended i n n u t r i e n t medium supplemented w i t h 10% imnunoprecipitin tested f e t a l c a l f serum (30) and a llowed t o grow t o confluency.
Replicate c u l t u r e s o f confluent monolayers were incubated w i t h the i n a c t i v a t e d Sendai v i r u s (250-1250 hemagglutinating u n i t s / Leighton tubes) f o r 18-24 hr.
Subculturing, f i x i n g and s t a i n i n g was done as w i t h pederlne t r e a t e d cultures.
Radioautoqraphic studies
HeLa c e l l s were grown i n Leighton tubes for 72 hr. i n Waymouth's medium cont a i n i n g 0.2 pCi/ml o f 3H-thymidine ( s p e c i f i c a c t i v i t y 6.7 Ci/mnole). The r a d i o a c t i v e medium was decanted and the c e l l s were washed f i v e times w i t h Hanks' balanced s a l t solution.
Human s k i n f i b r o b l a s t s were inoculated onto the HeLa c e l l cultures.
The f i b r o b l a s t s were permitted t o attach and form a confluent monolayer w i t h the HeLa c e l l s . The c u l t u r e s were treated w i t h pederine f o r 18 hrs. and subcultured as described above.
Radioautographs were prepared as p r e v i o u s l y described (3) except the emulsion was Kodak NTB.
Resui t s I n t a b l e 1 are presented the r e s u l t s o f 5 experiments demonstrating the cons i s t e n t l y high incidence o f f u s i o n o f human s k i n f i b r o b l a s t s induced by low concentrations of pederine ( I ng/mi) . I n two experiments rep1 i c a t e c u l t u r e s were treated w i t h Sendai v i r u s w i t h a f u s i o n r a t e o f 8 and 1%. Following pederine treatment, as w i t h Sendai v i r u s , the most frequent class of m u l t inucleated c e l l s are those t h a t contain two n u c l e i .
A homokaryon of human s k i n f i b r o b l a s t s and a heterokaryon formed from f i b r ob l a s t s and HeLa c e l l s are presented i n f i g u r e s I and 2, respectively.
The heterokaryon i s e a s i l y i d e n t i f i e d by the d i s t i n c t i v e w r p h o l o g i c a l features o f the h m n d i p l o i d and the HeLa h e t e r o p l o i d nuclei.
The HeLa c e l l nucleus i s a l s o i d e n t i f i e d by the r a d i o a c t i v e label present as the r e s u l t o f previous incorporation o f 3H-thymidine.
Pederine i s a known i n h i b i t o r o f p r o t e i n synthesis i n eukaryotic organisms ( I ) and t h e r e f o r e i t was important t o determine i f i n the dose used t o produce fusion, i t i r r e v e r s i b l y damaged the c e l l s . To i n v e s t i g a t e t h i s p o s s i b i l i t y . c e l l s were t r e a t e d w i t h pederine according t o the method used t o produce f u s i o n and then subcultured and permitted t o grow t o confluency.
The growth r a t e o f unfused c e l l s was not detectably d i f f e r e n t from t h a t o f r e p l i c a t e untreated c u l t u r e s .
Discussion
Pederine has been studied i n t e n s i v e l y i n the l a b o r a t o r i e s o f Pavan (21) and Brega e t a1 ( I ) .
The material has been p u r i f i e d and c r y s t a l I lzed, and i t s s t r u c t u r e determined (2).
Metabolically, i t i n h i b i t s p r o t e i n ( I , 27) and DNA synthesis (1).
I t s remarkable c a p a b i l i t y f o r inducing fusion among c e l l s grown i n t i s s u e c u l t u r e has not been previously reported.
Pederine induced c e l l fusion i s e a s i l y documented through the production o f heterokaryons recognized by the d i s t i n c t i v e c y t o l o g i c a l c h a r a c t e r i s t i c s o f n u c l e i derived from d i f f e r e n t c e l l types and the presence of 3H-thymidine i n one parental n u c l e i .
Cell f u s i o n has a t t r a c t e d considerable a t t e n t i o n from i n v e s t i g a t o r s i n recent years.
The phenomenon o f membrane f u s l o n i s involved i n a m u l t i t u d e o f physiological processes including f e r t i l i z a t i o n , pinocytosis and the format i o n o f syncytia.
It i s a l s o a c m o n event i n pathological conditions such as v i r a l I n f e c t i o n s and the response t o foreign bodies.
It i s not s u r p r i s i n g t h a t the mechanism o f membrane fusion i s now being subjected t o c l o s e s c r u t i n y (13. 23, 24).
Cell fusion
H a r r i s and h i s colleagues have e x p l o i t e d the formation o f heterokaryons i n a s e r i e s of studies on nuclear-cytoplasmic i n t e r a c t i o n s (6, 9, 11).
Geneticists have resorted t o c e l l f u s i o n f o r chrowsome mapping (IS, 25, 28) and gene complementation (12, 14, 26) , and oncolo g i s t s use c e l l f u s i o n t o explore c o n t r o l l i n g f a c t o r s of c e l l growth ( 5 , 8) .
The 17, 18. 19) . Although p o t e n t i a l l y very e f f e c t i v e , the techniques t h a t a r e requlred are cumbersome and the r e s u l t s are e r r a t i c .
Each step o f the long process, begining w i t h the source o f the v i r u s and the c o n d i t i o n of the eggs used f o r c u l t u r e and continuing t o the f i n a l exposure o f the c e l l s t o the i n a c t i v a t e d v i r u s , involves a l a r g e number o f variables which a f f e c t the r e s u l t s . Moreover, f
u s i o n o f human d i p l o i d s k i n f i b r o b l a s t s i s not as e f f i c i e n t as w i t h heterop l a i d l i n e s (20).
I n our experience the fusion r a t e has varied f r m 7 t o 30%. depending on unknown f a c t o r s t h a t influence the e f f i c i e n c y of the virus. Fusion rates as high as 50% have been reported, but they are d i s t i n c t l y unusual (16, 29).
L y s o l e c i t h i n has a l s o been used f o r c e l l fusion (4, 22). I t has the advantage o f being a chemical t h a t i s simply obtained. It appears t o a c t d i r e c t l y on the c e l l membrane without metabolic intervention.
However, i t damages the c e l l and, i n our hands, has not been very e f f e c t i v e .
Pederine shares the advantages o f f e r e d by l y s o l e c i t h i n i n being a chemical w i t h known structure. I t i s simple t o use, and i s considerably w r e e f f e c t i v e than l y s o l e c i t h i n a t concentrations less than one-thousandth t h a t customarily used f o r l y s o l e c i t h i n . Under the conditions used t o induce fusion, the c e l l s appear t o be undamaged by pederine. as measured by t h e i r growth p o t e n t i a l .
I f c e l l s which have been treated w i t h pederine a r e subcultured, the growth r a t e o f unfused c e l l s i s comparable t o untreated $ e l l s .
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